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ONTHESTABIIJTY,OSC~ATION,ANDSTRESS
CONDITIONSOF AIRPLANESWITHTABCONTROL
SECONDPARTIALREPORT- APPLICATIONFTHESOLUTIONSOBTAINED
INTHEFIRSTPARTIALWORT TO TAB4XNTRCUJKD~AKH*
ABEmAcr: Theftistpsrtial
thederivationof
By B. Filzek
report,FB 2000,
theequationsof
fora tationtiolledatrplane;the
cont&ineda discussionof
motionandtheirsolutions
resultsobtahedthereme
nowtobe qplie&to thelongitudinalmotionoftal+mntrolled
a3rplenes.
Ikviewoftheabundanceof structuralfedmrsandaerodynamic‘
psremeters,a generaldiscussionoftheproblemsisunfeasible.
Thusitis demonstratedonthebasisofexampleswhatstability,
oscillation,sndstressconditionaretobe expectedfor
tab-controlleda3rplsnes.
INZROIXKXION
SYMBOLS
PRFsuemsITmNs
APPLICATIONOFTHESOLUTIONSOEIMNEDINFB 2000TO TAB-
CONI!ROILEDAIRPm
1.Sta%illtyandfrequencyBehavior
a.Variablemaincontrolsurfacedamping
b.Veriablemassesof controlsurfacesforeqwil
Centour
CLMaincontrolsurfaceconstant,tabvariable
~.Maincontrolsurfaceveriable,tabconstant
*“lhtersuchnngen;berdieStabilit”&ts-,Schwingungs-undBesnspruchungs-
verh”dtnissevonFlugzeugenmitHili%rudertieuerung.2.Teil%ericht.
Anwendungderh 1.TeilberichtgewonnenenL&nmgenaufhilfsruder-
gesteuerteFlugzeuge.~’Zentralef’&wissenschsftlichesB richtswesender
Luftfahrtforschung(ZWB)ForschungsberichtNr.2000/2,November15,194-4.
Thistranslationisthesecondpartielreport
investigationmadeup oftwoparts,thefimt
ofwhichisNACATM 1.197.
(2.TeiDericht)of &
pert,FE 2000,1.!l’eilbericht
2eSterttngPhenomenaforInstantaneousend
SuddenTabDeflection
a.Controldisplacement
%. Controlrestmation
3. wing andHmizontalTailStresses
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Time41ependent
4.AmplitudeandPhaseDisplacementFunctions
T. APPROX3MATIONMETHODFCfRD3KTUMINATIONOFTEEWINGAND
EGLEZO?EIULTADLSTRESSES
VI.SUMMARY
VrieIuQmRENm
Io lIITRODUCTIXIN
ThemathematicalrelationsobtainedinFB 2000nowofferthe
expedientsto determheendeveluatethephenomenaofmotionto be
expectedfortabcontrolSoAsidefromstabilitydiscussionsspecial
attentionwillte paidto thestartingphenomenain “controldisplacement”
and“controlrestorathn’twiththeresulting-stresses.
Fortheseinvestigationstheairplaneisregardedas a rigidboc3y.
Thispresuppositionisonlyconditionallyfulfilled.Periodicexci-
tationsofthetabsdueto formvariationscausedby externalforces,for
instancenginevibrationsor gusts
flyingwith%ee controlsurface”
,,srehmginablewhichcanexclude
~ must,therefore,be investigated
separately.
Forthedeterminationfthesystemconstants[17]1onewillwe
tumnelresultsfortheaerodynamiccoefficientsofthewingsndhorizontal
acaac~
tail — —, etc.
aa aa
As feras suchresultsdonotexist,onewillin
designingenairplanehavetogobackto thetheory.2
trol
into
Iftheformof onepe.rsmeter(1)%q isselectedforthemaincon-
surfacedamping,it issupposedto takethedampingdueto airforces
considerationaswellas eventualadditionalmechanicaldamping.
lItisnotedthatthenumberingoftheformulasandfiguresis con-
tinuedconformhgtotheftistpsrtielreportandthatdatainbrackets
refersto it.
2Bi%liography,(.5)emd (9)l
&*
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II.SYmols
Thesymbolsusedcorrespondto theGermanstandardsD~ L 100second
edition,July1939;moreoverthefolluwingdesignationsareselected
---
alsofig.,LIJ):
massoftheentire~plane
partialmassfuselagewithout
partialmasscontrolsurfaces
partialmasstabs
centerof ~avityof the
centerof gravityofthe
centerof gravityof the
centerof ~avityofthe
distanceof
fromthe
distanceof
fromthe
distanceof
fromthe
controlsurfacesandtabs
WithOUttabs
wholesystem
partfalmasses~
Partialnuasses+
Pe_rtialmsses9
thecenterof gravity.ofthepaitialmass ml
centerof gravityofthewholesystem
thecenterof gravityofthepartialmass %centerof rotationof themaincontrolsurface
thecenterof gravityofthepartialmass
centerofrotationofthetab ?-
momentof inertiaofthe
momentof inertiaofthe
momentof inertiaofthe
momentof inertiaofthe
momentof inertiaofthe
maincontrolsurface
entireairplaneabouty-axis
partialmass ~ abouty+xis throughS
parti~=SS ~ about S2
partial-mass~ about S3
elevatoraboutaxisofrotationof the
I’?ACAw 1198
momentof inertiaoftababotisxisofrotationoftab
deflectionofthetab
deflecliianofthetabrequiredforattainingthesafemultiple
ofloed
chordoftheelavatm+ tab
chordofthetab
ooeffioientofthe
,horizanteltail
atrplane
coefficientof
coefficientof
throughthe
persllelto
coefficientof
rotationof
coefficientof
ofthetab
the
airface mment oftheairplanewithout
referredto centerof~avityofthe
normalforceofthehorizontaltail
horizontaltallmomentrefereedto the@s
aer~c centerofthehcmizonteJtail
they-axii3
theelevatormomentrefemd totheexisof
themaincontrolsurface
thetab
angleofattackat the
momentreferredto theaxisofrotation
locationofthehtiizcmtaltail
meal
mean
mean
dynamicpressureat thelocationof thehorizontaltail
velocityat thelocation of thehorizontaltail
downwashangleat thelocationof thehorizontaltail
ratioof theairforce@ing of theentireairplanewith
respecto lateralaxistotheairforcedampingof the
horizontaltail
E similarS@OIS appearintheindividualParwraphs(forinstance
AZ= angl~f-ttack increment
angle,AK= determinant,A*,=
tinguishedby indicesandtheir
connection.
— — —
Z!Mz= momentincrement,A = downwash
Routh~sdlscriminant),theyeredis-
significancefollowsfromtherespective
.
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m. FRESUTPOSJICIONS
.
In orderto circumscribetherangeofmlidityofthisreportthe
necess’~Pesupposlticmsshallbementioned.in advanceoncemore.
1.
2.
3.
4.
50
6.
7*
8.
9.
10.
u.
Unsteadyairforceinfluenceserenot@ken intoaccount.
.
FlightmotionsarepossibleonlyintheXgZgplane.
Methodof smalloscillations.
U cqmated con~olsurfaces,thatis,thecentersof
~avitylieonthsaes ofrotationofthecontrolswfaces.
Omissimofthemasscouplings
titheface equations.
Omissionofthems&scoupliqs
horizcartsltailat C~ = O
andhorizontaltailsurfaceforces
endofthefcmcecoupleatthe
(zeromoment)Intheequationof
momentsaloutthelat&%lsxis.
Theveloci@alongtheflightpath v forthephenomenonunder
considerationisassmedto be constent.
Mr forcesandmomentsareassumedtobe linearfunctionsof
theirmriables.
Thesteadystateaboutwhichthesystm
be haizontelflight.
g=
ThedyneMcpressureratio — endthe
~
oscillatesis asmnnedto
downwashfactor~
aa
sreregardedas constantdiningtheflightmutfons.
Thea&planeframewcwkisregardedas a rigidbody.
Iv. API?IZCATICUTOF~ SOLUTIONSQETKUUmm FB 2000
TO TAB-COIWROUJIDAIWLMES
1.StabilitysndIYequencyBehavior.
. Withregerdtoflightsafetionewilldwsys haveto stipulatea
.
mirdmumeasureof &abili-&.
.
5
.
6 mm TM1198
A
Thenecess~ andsufficientconditionforELstablesystemofmotion
isthe’requirementthatthe
rootsofthecharacteristic
If itismere~ a matterof
unstableandno dataonthe
red rootsandthereelperk of thecomplex
equationD(p)
l
= O ~3J=e negatives,t~tis,
R(PP)<0 (70)
determiningwhetherthesystemisstablecm
magnitudeofthesequez:~ltiessrerequired,
theconditionsaresufficientthat
equationD(p)= O [5~ andRotihts
conditionshavetobe satisfied
allcoefficientsofthecharacteristic
discriminant5arepositive.Thusthe
A* .
a310
4 aria= >0
I
>
Thisformulaticm(’i’Oa)ofthestabilityconditionsisvem useful
(70a)
forthedesigningofairplanes.Itpermits-stabilitylimitstbbe
indicatedandtheinfluenceof structuralandaerodynamicquanti-
tiestobe variedsothatstabilityisguaranteed.
Withtheconditions(70)and(70a),respectively,tdsenasbasisit
iscustq to speakofdynemicstability,,whereasoneregardsasmeasure
forthestaticstabilitytheconditionthatthecoefficienta. of the ‘
characteristicequation
or
I&cmtheformulationf
stabilitytheexistence
D(P)= O [53] is positive, u
ao>o # (70b)
(70a)follcwsthatforemmringofthedynamic
of staticstabilityisrequiredbutnotsufficient.
12venthoughthedefinitionofstaticstabilitymaybe usefulfor
dynamicsystemswithonedegreeoffreedomit isshownbywhatwas said
abovethattheirqmrtenceofthestaticstabilitylessensfordynamic
systemswithsweraldegreesoffreedam.
3Biblio~ap@(7)
4Bibliography(7)
5Bibliography(1),(2),(7)
.
.
.
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Huwwer,ifit isa matterof investigatingstartingphenmena,it is
* alwaysnecess~, inorderto obtainthesolutionsfound.in33 2000,to
lmowtheroots YU ofthecharacteristicequationD(p)= O [53]0HOW-
ever,inthatcaseme willgobackto thedefirdtion(70)andbe ableto
discuEstabili@aswellesfrequencyconditi~ fortheparameterswhich
appearto havethe~atest influenceonthemrfousproblemstated.If
onechooses,therefore,themethcdof solvingequatimsofthefourthde~ee
endplotsr’eelasW811as inlagx pertoftherotis pw as fUnctiOnSof
theseparameters,onegadmsa rathergoodav~ view.
a.Variablemaincontrolsurfacedamping.
.
Figure7 showstheconditionsforen airplane~(FZl)fcmfullper-
missibleloadandvsrtablemdn ‘controlsrmfaoedaqping.
Sticethered.partsare R(IW)~<O thesystemisalwaysstable.
Withinbreadngco-l mn?facedsmpingthefrequency~ decreasesin a
fam studierto a parabolauntilitbecomsszerofcmtheapericdicase.
Shtilyaheadof itliesthepositionofresonance,thatis,theangular
f&equencies
~ ~ ~2 areequal.Itmaybe mefiioneda%this
h that,dl.leto thestrongcontrolsurfacedamping,thispositionis
psrtictiarsignificsnce.Thefrequency~ d denyingconstant
.
showinthisintervalcuilyslight”variations.
Thefact-shouldbe eoqphasizedthata controlsurfacedamping
point
ofno
K2
occurs
alsowhen (1)~lq= O whichcanbe tracedbacktothecouplingterm
(U
alkat in [17a].
However,en drplanemustbe airworthyforanypermissibleoad.
Theresultsof calculationfcmtheemptya&planearegiveninfigure8.
Here,too,R(pw)e O andtherewiththestabilityofthesystemisensured. :
y and Kl showa s~lar courseas tifIgure7;however,it is conspicuous
thatno @2 butinstead%. K2 arepresentandpermita conclusionu
. to a dynamicstabillmticreaeingwithdecreasingflyimgweight.
b.Variablemassesofcontrolsurfacesforequalcontour.
If onevisualizesmce morethethird.equati.mof ~6c]
[
‘~ + ~rd~
1
-Zm); +E’mi=M~
* NACATM 1198
:hey ~luenceoftheocnqplingtermdueto themassof theta%
m3~ 2fi- 1~ wiU justifiablye questioned;thefollowingtwocases
willbe investigated:
a.Thematicmxkrolsurfaceremainsunvaried.while
themassofthetahisvaried.
WithSteiner?stheoremtakenintoaccount,theequation
(m
isvalid,F= signiaingthemment of inertiaofthe~ss ~ ab?ut
the=is ofrotatimofthe- controlsurface,F~
inertiaofthemfl ~ aboutthesxisofrotationof
If (~) istitroducedintothecoefficientof 19,
oneputs
F& +
I?lglrre9
equation
shuwsthe
D(p)= O
~.Thetab
of
themomentof
thetab.
thereresults,
+ 2& - lm)
characteristic
ranainsconstentwhilethemomentof inertia
themaincontrolsurfaoeisvsried.
Forthisasmmptiantheexpression
F& = h@?~ + Ir13(2&- 2m)*“+%h
isproper,anditfollm tith Fn ~ O
‘J&+ ~%(Zfi - ‘~) = %!2& + ‘3 @r - ‘@@ + 2fi - bh)
Figure10 illusti”stisheresult.
if
(72)
(73)
(74)
Inbothcasesthe R(pp)remainlessthanzerosothatthestability
ofthesystemisnotendangered.It isnoteworthythat,wheressthe
frequencies~ a ~2 decreasewiththeincreaseofthemomentof
A
.
d.
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inertiaofthbmaincontrolsurface
mss ~ ofthetab,an ticreaseof
9
F= (fig. 10),with@creasing
thefrequency~ takesplace(fig.9).
2.StartingPhenomenaforInstantaneousandTim&DependentTabControl.
TheresultsobtainBdinthepreviousperagraphdonotyetprocurean
insightintothekinetic@wnomenaof a tab-controlledairplane.A
genersldiscussimofthesolutionsderivedh FB 2000isnotfeasible
withthemathematicalomnec~ions‘beingno longerquitesimple.Thus
alreadythedetemninaticmofthemsximaofthemaincontrolsurface
deflectionA~ endof the sngle of attaqk~ requiresthesolution
,
oftranscendentalequations.If a nmnericsle~enditureisnecessarysny-
‘WSYSitsea bestto fmego thedete~tion of selected.pointsofthe
courseofmottonandto representhe&ntirephenomenonofmotionas a
functionoftime. Thusoneobtainsthepossibilityof compsringnotonly
individualpoints,hutentiresudden~eflectionphencmena.
a.Controldisplacement.
k flightpracticecontrol-displacementotions,for instancein
lendingor in “zoomingin&ant of an o?x3tacle”,sreofparticular
inprtsncewhencatastrophesreto be avoided.Thusthedesignerwill
endeavorto developthecontroleffectivenessof thecontrolsurfacesin
sucha msmnerthatlossesereexcludedin caseofpurposefulcontrol
maneuvering.First,oncetheconditionsfordirectactivationofthe
controlorgsnsereclsrified.,onemustnotoverlookwhateffectivenessi
tobe e~ectedandattainablefor indirectabcontrol.Figure11 showsa
compsrismlofthefollowingdeflectionphenomenaof the controlsurfaces:
1.
2.
3.
4.
Instantaneousdeflecticmofthetabs.
Tabdeflectionaslineartimefunction.
Jhstentaneousdeflectionofthemaimcontrolsurfaces.
lfati~ontrol+mrfacedeflectionaslineartimefunction.
Forthelattertwophenmnenaonemustvisualizetheauxili~ control
surfaceasblocked.Therebyappeers,in ccmrparfsonwithindirectsudden
deflection,a largerC~ariation atthehorizontaltailsothata
smellerdeflectionofthe?ns3ncontrolsurfaceAq isstificientfor
obtaininganequslvsriatiain angleof attackAm. If oneanalyzes,at
f&rat,thefirsttwodeflectionphenmena(fig.U) it is conspicuousthat
in spiteofthesmallmin controlsurfacedampingselected(l)al = o.l~
(cf.fig.7) the contiol’surfaceosci13a.tions dampedveryrapidJ. ti ,
thevsriationofthe-e of attackem oscillationishardlyreco~izable. -
10
i
Forthe-dependenttabdeflection
oftheta%sT~- withtherelation
the required
Jm3x=%FH
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b
forthedeflection
wasfixedso .
thatforthehighestfL@ht &namicpressure~-- thetabassumesthe
.uuA
deflectimrequiredforattaimmntofthesafemultipleofload.in
about t~ = 0.1second.As a consequence,longerandlongerperiodsOf
thnerequiredfordeflectionts correspond.,withdecreasingdynamic
pressure,to equal T6-. If,however,onemakestherequirementthat
forinstancefortheluwestdynamicpressure~+m thedeflecti(mthe
JJ.AALL
alsoshouldbe t~ = 0.1secondtherefolluwsfhmthe relation
qmn-+o
thatwithdecreasing&nemicpressure.the
thecaseof titexkeneoustabdeflection.
deflecticmphenomenonapproaches
As figure11 shows,the ~urves forl)othphenomenadiffereven
for T8~ practicsl~onlyby a parslleldisplacementof AT3’ endit
remainstole investigatedwhateffectsarecausedthereby.
First,thedeflectionphenmenafordirectmaincontrolsurface
activationwilJbe discussed.Obviouslyinstanteneouemaincontrol
surfacedeflectionrepresentstheupperlimitofwhatmaybe attainedand
is illustratedbythefuUest -urve (3 infig.U). Forlineermain
controlsurfacedeflectionthedeflectionvelocitywasselectedsoasto
be equslto themsxhmmdeflecticmvelocitydueto imtsmtaneoustab
activation.Whereasthetwo ~urves shuwfordirectmaincontrol
surfacedeflectionhmediatelypositiveincrements,the ~urves become
fortabactivaticm,dueto the C#ecreme atthehorizontaltailby
thetabdeflectionwhichcorrespondsto a controlreversal,atfirstnega-
tiveendthenalsopositive.
Thedisplacementswithtimeoftheindividual&urves couldbe
visualizedalsoasbroughta%outby controldisplacementwithcontrol
surfacesofdifferenteffectiveness.As measureofthecontroleffective-
nessonemayregardthethm requiredto exceeda differencein
sltitudeZg-Zgo = AZg yettobe fixed.
u
.
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To thisthefollowingdeliberations:
.
I&omtherelation[13]
orwiththeindependentveriableT = q.tr
folluws
* Withtheassmrptionsof smellvariations
equationoftherelationsconnectingthg
& Zg
tanY=--Xg
msyalsobe written
A7=$
or,takingthesubstitutionT = q.tT
(75)
Cmd.v = Consta = To thethird
veriables[5]
intoaccount,
or
.
12
respectively.‘l?henme obtains
or,becauseof (75),
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(76)
Thechangesinelltitudeccmqyaredto en initielflightaltitudeZgo which
can%e attainedwiththeaidofthedoubleinte~ation(76)srerepresented
infIgure12. Fromthecondittonthatdl AU approach,fordifferent
deflectionphenmena,anequallimitingveil.uefollawsthatthecurves
for T > 70 (cf.SJ.SOflg.11)aredisplacedparallelto eachother.Eow-
ever,thedeviationfiamparallelismis insignificantelsofor T e 70.
If oneregardsthetime ~
~hthe-dep.
forthne-dependenttab
deflectionwhichisrequtredforattainmentofa certaindifferencein
~tituaeAzg> a8measiireofreference,thegainin
dueto theotherpossibilitieflo deflectionmaybe
relation
ATT
Wv =
‘qhtime-dep.
controleffectivener3f3
expressedby the
(77)
plottedinfigme 13.Onerecognizesthattheincreaseincontrol
effectivenessi ratherconsiderableforsmall T; it decreases,however,
. themorethelongeronesucceedeinkeepingtheangl~f-attackmri-
ation& constant(cf.fig.I-1).
b flightpractice,however,onlythatthe willhavetobe especially
consideredwhere Ax attatithemaximum,thatis inthisexsmple
50 <T <6o;, fromfigure13cenbe seenthatthentheincreasein control
effectivenessa tamperedto thMLependenttabdeflectiondoesnotexceed
theMmits
4 $ for
lf&.5 $ for
$ for
— —
*
instantaneoustabdeflectlau
t~pendent maincontrolsurfacedeflection
3nstanteaeousmain-controlsurfacedeflection
l
.
.
.
NACA
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not
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Theseexplanationsshowthattheassumedeflecticmvelocityofthe
has-~ &ignificentinfluenceonthe
hnilyan essentialrestrictionifthe
courseofmotion.Thusitdoes
furthertivestigationserebased
on ins&&neous tabdeflection.
“b.Controlrestoration.
h orderto endthecontroldisplacauentor,respectively,to avoid
unintendedflightpositionsdueto phenomenaof flawseparationthepilot
willtrytorestaetheairplaneto normelpositionhy”oppositecontrol
measures.
,
SinceatthemomentTN ofthecontrolrestorattitheendvsluesof
thecontroldisplacement&TN), u’{TN),Aq(TN)and q*(TN)denotethe
initialconditionsofthecontrolrestoration,it iscleerthatthe~
lyticaldescriptionfthephenomenon%ecomesratherccmplex.
If oneinterprets,ontheotherhand,thecontrolrestorationas
superpositionfthetwodeflectionphenomena(fig.14)
A~h=ATIh(T) for O~r<rn
1
end I
(78)
oneobtainsthecorrespondingsolutions~ thesqlest ~er by =aphic~
subtractionwithoutdeterminationftheinitielconditims.
Thesolutionsfcm AU and Aq thusobtaihedarecmpiledin
figures15to 17 forthetimesof controlrestorationTN = 60,30,15,10
endallowinsightintothekineticphenomena.
3. Wingendhorizontaltailstresses.
Withrespecto thestructuralaspects,
apartfianthefligh-chanicslproperties~
The stressesinthewingunitcausedby
givenwiththerelation
thedesigneris interest@,
intheresultentstresses.
controldisplacementsre
IG =~oF(ao +&)
14 “
Sinceforthesteadyhorizontalflight
NACATM 1198
G=&oF~o
isvalid,therefollowsfortheadditionalmultipleofloaddueto the
veriaticminangleof attaok
(79)
Thustheadditionalmultipleof loadreferredto thedynamicyressureand
thetabdeflectiaisdirectlyproportionaltothefunctionsofthe
&-coordinaterepresentedinfigures15to17;thescalehastobemulti-
pliedby thefactor~ ga
Fortheproportirmingoffuselageandhorizontaltailthehorizontal
tailload 2= istobe regerdedas decisive.
Thesecondequationof[6~reads,if [83 end [19 me twen into
consideration,
%iA~+—1‘mAVh @&= ~+ a~ ~~h
If onetrsnsfozms$hisconditionofmcmentequilibriumaboutthe
centerofgravityoftheairplanesothatthemomentofthehorizontal
tailloadbalancesallothermoments
.
.
.
NACATMu98 15
t
therefollowsfortheincrement(re%erredtothedynamicpressurendthe
tabdeflection)ofthehorizontaltailloadas comparedto thesteady
horizontalflight,withEl~ takenintoconsideration,theexpression
% Aqh
‘H~‘q~x
—+~A~+h3AG (8o)= ‘OAa + ‘lAqatix
hmax
withthecoefficients
Thedeterminationfthehwizontd tailloadisoncemoreperfomiedmost
practicallyingraphicslmemnerandisascertainedin figures18to 21 for
thefourtypesof controlmotionmentimedin sectionIV,2a.
Ifoneccmpsrestheoccurringmsximwnhorizontaltailloads ~H1$
thenthedeflection@Mn_na A7h ~t=tmou~
‘qhtime46p.>and
‘~ time-dep.showaboutequalvalueswhereasabout50percenthigher
WCLu.es ere foundfortheassumptionof instantaneousmatncontrolsurface
deflection.
Withtheaidofthesefigures,18to 21,itispossibleto give
immediatelythevariationofthehcmizontaltailloadsin controlrest~
ratiamby a@ying therule(78) atthetimesT~ endsuperposingthe
solutionsaswasdoneinfigures22to 25 for Accand A~.
.
16
Ih controlreatmaticm
thestruoturelaspects,not
interestasthemaxima~
as in oontrol Usplaoement
somuchtheveria~ionwith
.
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itis,inviewof
timethatisof
ofthehorizonteJtailloadsforcontrol
restoration.Herealsoit&oves adm.ntageousto representcontrold.is–
placementandrestuation%y @o independentkineticprocesses:If one
visualizesthecontrolrestorationcontinuouslyateachtime T = TN,one
obtainstheenvelopeof ellpeekvalues~H %y subtractingthepeak2
~d~e NH -the variationof curverepresentingthecontroldis-1
placement.Thesecumes aredrawnindashedlinesinfigures22to 25;
theymakethedeterminationftheabsolutemaxhnnnposaillewhichthen
f~ thebasisforthestresscalculatimso1% isemphasized.thatthe
meximunforinstantaneousmaincontrolsurfacedeflectionisforthe
valueN?
.%2 asweU about50peroenthigherthenfortheotherdeflection
phenomenawhichelsodifferonlyslightly.
4.AmplitudendPhaseDisplacementFunctions.
At theendofthisp~agraphthesmplitudeandphasedisplacement
funoticmsobtdnedaccardingto E64], whichererepresentedinfigures26
to 29, will %e disoussedo
Fromtheeqm?esshn
it follawsthat Q= O isidenticalwithinstantaneoustahdeflection.
Thusamplitudefunotionswith Q+ O musttend
AaMm —=
(o)
%-
Cn’ U1’11 A, _%(o)
T-+mAv- D O) T+WAT- D(0)
towerdthelimitingvalue
respectively.
If ~ increaaesindefinitelyonecanseefrom[64a] and [63a]that
theourvesconvergetuwerdszero,beoausetheorderofthenmeratoris
smallerthanthat ofthedenominatcwc
h theneighborhoodofthenormalfrequencyofthemaincontrol
surfaceu thec~es ~p V2 showforsmelldampingparameters(l)alv 7
distinotmaxima.Far VI a weakmaximumfor (1)~q = O elsoisrecog-
nizableintheneighborhoodofthenormalfrequencyoftheairplanema,
with ~ and ~ definedaccordingto (82a)and(91d,respectively.“
?
.
.
.
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t
Thereasonforthe V1-cumefor
‘1)%q = O r~ l~ted iS
.
theaforementionedfactt~t themaincontrolsurfaceisalwaysdamped
dueto thecouplingterm (1)afia’ (cf.figs.Tand 8).
Accordingto experiencessofar,onewillprobablyhaveto expectin
flyingpractice,dueto airforces,forthevalues (l)alvtheorderof
magnitude0.3< (l)a~
v
< 0.~. Thesmplitudecurvesthenshowthat
additionaldemp~ donotlecomenecessary.
Oscillationsh thevariatim* oftheangleof attackwillno longer
be measurablefor Q >0.6 elthou@the Aq-oordinatestillshows
7r
amplitudesof ‘1— . 0.25.
Anmx
Thephasedisplacementcurvesshowninfigures28
for O—Y O tabandaslane oscillationereinphase
end29 eqressthat “
whereastabend
maincontrolsurfaceoscillaticm,dueto aer-ic coupling,areoutof
phase.
s Ihtheneighborhoodofthenormalfrequencyofthemaincontrol
surfacethe~ controlsurfaoeoscillationIslaggingby a%out 3fi/2
compared.to thetaboscillation,whereastheairplaneoscilJ-ationsalmost
. outofphase.
With Q ~ m tab,main%ontrol-urface,andairplaneoscillation
aredisplaced.by 2fi,thatis,theyereinphase.
EMll dem@ngparameters(l)alq~~enei@boWho~of theno _
frequencyofthemaincontrolsurfacem attractattentionby lsrge
n
phaseincrease.
h orderto obtdn a srmveyofthe
?)
ermenentstateforperiodicexci—
tationofthetab,figure30 showsfor 1 %q = 0.15 end Q = 0.2,that
is,foremexcitatimintheneighborhoodofthenormalfrequencyofthe
maincontrolsurface~, the k and +mriation againstAqh-,AWS .
tti .
+f!&-latortsnote: LiteralJy“motion”
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Itmusthe stressedthatthehorizontalttilloadsexceedthevalues
forinstantaneousmaincontrolsurfacedeflection.Since,hgwever,for
theparameter(1,alq velues%etween0.3end0.5aretobe e~ected,the
htiizontaltailloadsarereducedto aboutonehelf. Evenifthesereduced
loadsdonotexceedthevaluesdueto controldisplacementorrestoration,
itwillstillbe advisableto avoidperiodicexcitationsbecauseof
fatigue.
.
V. APPROX3MNllKlNMR1310D FORTHEDIXWRMINATION
MD H~IZONJ!ALTKUSTRESSES
FTHEWING
Forpreliminarycalculationfwingandhorizontaltailstressesin
airplanedesigninga calculationmethodwillbe desirablewhichisas fsr
aspossi%lesimplerthanthatpermittedby theexactsolutionwithconsider-
ationofthetwodegreesof freedomAa end A7.
A ccxrperisonoffigures22,23 and!25showsthattheutim horl- ‘
zontsltailstressforinstantaneousandtime-dependenttabdeflection
differsonlyslightlyframthevaluewhich~esultswhenthemaincontrol
surfaceisdeflectedwithaccordingdeflectionvelocityendemplitude.
Thedeflectionvelocityshouldbe chosenso asto be equelto themextium
maincontrolsurfacedeflectionvelocitydueto tabdeflection,whereas
theemrplitudeistobe ftiedsothatanequalmaximumultlpleofload
andthusequelwingstressereproduced.
Figures16 and17showthat,upto thetime Tm ofmeximumdeflec-
tionvelocityofthemaincontrolsurface,the m-coordinatewillexert
littleinfluenceonthecourseofmotion&f
toputforthedeterminationfthemeximum
maincontrolsurfaceinfirstapproximation
Ax= at = ~?t= ()
frmthe firstequ.atimof ~17a~
Theopthummaincontrolsurface
for
oneobtains
Aqo Itwillthenbejustified
deflectionvelocityofthe
+ (0)aln A7 = C1A7h (81)
deflectionvelocityisobviouslyattained
Aqh= cons-t.=A~&
.
.
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Withthisexpressiononeobtainsas solutionof (81)
with
1
%
Then thedeflectbn
>
and.thesecondderivative
(&)
(82a) I
(83)
(84)
Thedeflectionvelocityreachesitsnmzbnnuwhen q??= O,thatis,when
thecondition
is satisfied,andtherefollowsfor
.
T 1
m — Sxc‘UJ
v
o
“Cos‘qTm=
‘( )-3% (85)
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(85) sulmtitutedtn (83)yieldsforthemsx- tiflectionvelocitythe
relation
For prekbdnarycalculatimsthematicontrolsurfacevariationwill
be ideslizedinsucha mannerthatit ticreaseslinemilywith(86)up to
a maximmm.deflectionA@ andthenremainsconstamt(fig.31). With
thisdeflectionphenomenonas a disturbancefunctiontihequationof
motionofthe =oordinatefromthesecondequationof ~73 obtainswith
M~ = O thefmm
For T- co the variationoftheangleof attackAa approachesthe
limitingvalue
(87)
(88)
b orderto satis~therequirementthatam equalmultipleofload m
be obtainedfortheapproximationmethod,theconditionmustbe fulfilled
thatforbothcalculationmethods& tendstowardthesameMniting
value.
If oneassumes,therefore,in~5~and ~~, respectively,that
T+ ~S therefoJluws
or ,
(89)
.
.
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However,ontheotherhand
.
SO th&t Tl beccmes,becauseof (86),
If oneintezqmetsthemaincontrolsurfacevariationrepresented.in
figure31as supe~ositionofthetwodeflectionphenomena
Aq(T)= (n’)mxT for OST<rn
there
[ - (T’)mx(T- ‘l)
resultsas solution
.L. A
of (87)therelation
(W.*
&L. - T- A&0)% L
or,taking(89)intoaccountandafterdivisionby Ak.
&x AJo)—.
[{ }]
1 + dosin~T + dl cos~T eKaT
A&x = D(0) (91)
.
with
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(0)al
A2(0)= 7
(0)%q
(0)al
D(0) = V
(0)%
7
c1
C2
(0)ala
(0)%a
r1( ‘KaT1 ) (1)do.~-~l-e wa e-KaTlCOS ~Tl – ~ sinU)aTl‘1 J
, I%=J%a-(-)2
J
andfortherateof changeof theangle-of~ttack
a’ AJo)
[% 1KUT—= — ‘SinuaT+ dl’cosUaTeATI- D(0)
with
do‘ = i$ado- u)adl1
(92)
($&a)
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1
ithasto%e notedthatthesesolutionsrevalidonM inthe
. titerVd T~ ~ T < m.
Sinceb practicethew5mgunitaswellasthehorizont~tail
stressesareof importanceonlyfor T ~ Tl,becausefor T < T1 oti
smsUerstresseserepossible,theequations(91)end(92)exesufftiient
forthedetezmdnatlonfthedesiredquantities.
l% figure32theho~izontaltailloadsastheyresultforthm-
dependenttabdeflection=d accordingtotheapprm-t tonmethoddescribed
abovesrecomparedoncemore.
As a conclusionitmaybe statedthatforthedesignoftakontrolled .
airplsnesthiscalculationmethodmaybe
thewingandhcmizontsltti loadswhich
siderationofthedegreesof freedoma
VI.SUMMARY
appliedforthedeterminationf
ismuchshplerthanthatof CO*”
and q.
, Continu@ thetheoreticalinvestigationsofthefirstpartial
report,FB 2000,thepresentreportdiscussestheconditionsto be expected
foren a~lsne controlled%y tabs.
.
Apartfroma canpil&tionfthestabilitycriteria,theinfluenceof
variablema-ontrol-eurfaoedsmping,asweU as ofvariablemassofthe
mainandauxiliaryoontrolsurfaces,onthefrequenciesnddempingsis
observe&.
Fore~~ua.tionofthecontroleffectivenessa comparisonismade
betweenthestartingphenomenafcminstantaneousandtime-dependenttab
andforinstantaneousandtime-dependentmai~ontrol~f acedeflection.
The increasein corrtrol+mrfaceeffectivenessby instantaneoustabdeflec-
tioncompsred.tothe-dependenttabdeflectionis insignificant.
b therepresentationofthesolutionsin closedformonehasa simple
graphicalmeansof o%se?wingthevsriatlonoftheangleof attackfor
controldisplacementandsubsequentcontrolrestoration,whichshnil.tane–
ouslyrepresentsa measureforthewingstresses.
Themostfavorableutilizationofmaterialforfuselageandhori-
zontaltailIsobviouslyaccmnplishedwhentheirstrengthisdetermined
inrelationtothatofthewingunit. Forthestructuralaspectsof
fuselagendhorizontaltailthepeakvsluesofthehorizontaltail
. load M
%
h COntrOldisplacementand &H2 inC~trOlrestOration~e
decisive;theyalsosrelestdeterminedgraphically.Thismethodpermits
atthesametimetheenvelopeof allpossiblepeskvsluesNH to be2
given.
24
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periodic
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L
discussionofthsamplitudeandphasedisplacementfunctionsfor
excitationsofthetabsdemonstratesimpressivelytheinfluence .
,ofvsriablemain-control+mrfacedamping.Since-fornormilcontrolsurfaces
thedampingcoefficient(1)%Tl will,atthispoint,dueto ah forces,
lieintheorderofmagnitudeof 0.3< ‘l)a <0.5, thatis,lq inthe
neighborhoodfaperiodicaUyoscillatingmotions,additionaldamping
meybe foregone.Neverthelessitwillbe advisableto avoidperiodic
excitations,forinstance%Y enginevibrations.‘
Forpreliminarycalculationfwingandhorizontaltailstressesin
airplanedesimng a simplercalculationmethodthancanbe usedwhenthe
twode~eesoffreedm a and ~ eretslsenintoconsiderationisdesirable.
It isshuwnt~t a goodapproxhmtionofthewing-mitaswellas of
thehorizontaltailstressesisobtainedwhenthevariationofthemain-
control+mrfaced flectionis idealizedinsucha msnnerthattheveriat~on
increaseslinesrilyupto a msximumdeflectionendthenremainsconstant.
Themsximumdeflectimvelocityisto%e determinedRmmthe differential
equationofthe q-coordinate,omittingall -terms,andtheconstant
main-control-surfacedeflectionistobe fixedsothatwith T-oa equal
multiplesofloadareobtainedforindirectaswellasfordirectcontrol-
surfaceactivation.
KIh.ndatedby Wry L. Mahl.er
NationalAdvisoryCcmmittee”
fcmAeronautics
.
,
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Figure7.- Realandimag-y partof theroots pfl as functionsof themain-
control-s~face dampingparameterfor largeflyingweight G- of the
airplanetype F21.
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Figure8.- Realandimaginarypartof theroots pp asfunctionsof themain-
control-smfacedampingparameterfor minimu flyingweight G~ (Fz1)”
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Figure9.-Realandima~ry parLsof therook pp for
for theairplanetype F2z.
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Figure10.- Rea3andimag~y partsof theroots pp for variablemain-
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1- Instantaneous tab deflection
2- Time-dependenttabdeflection
3- Instantaneousms.in~ontrol-surfacedeflection
/
4- Time-dependentmain-control-surfacedefl ction$4‘\ , ;,YT, ‘2
Figure11.- Comparisonfb main-control-surface variation smdthe variation of the angle of attack for
inatmltsneous am’.thne-depetient tab deflection and for instantaneous and time-dependent main-control-
surface deflection, respectively (Fll).
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Figure12.- ObtainablechangesinaltitudeAZg fordifferentdeflection
possibilities(Ftl).
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Figure13.- Increasesin controleffectivenessfor differentdeflection
possibilities (F21).
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Figure14.- Superpositionftwoconstanttabdeflectionphenomena.
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Figm’e 15.- C!ontrol displacement snd restoration for lnstantamxms tab deflection (Fz1).
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Figure16.- Control displacement and restoration for time-dependent tab deflection (Fz~),
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F@e 17. - Control displacement and restoration for the -dependent main-control+urface deflection
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Figure18.-Horizontal loadefor control displacement and their components due to A@, &,A q and Aqh
for instantaneous tab deflection (F2J. E
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Figure 19.- Horizonts.1 tail loads for control displacement s.rxitheir componen@ due to b, ~, An @ A~h ~
for time-dependent tab deflection (F21). co
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Figure20. - HOriZOdSl tail loads fOrcontrol displacement and their componenb due to ACY,&, An and Anh
for instantaneous main-control-surface deflection (l’zl).
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Figure 21.- Horisontal tail loads for control displacement and theti components due to Aa, &, Aq and Aq h E!
for time-dependent main-control-surface deflection (Fz1). E
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Figure23.-Hortinbltailoadsforcontrolreskmat.ionfortime-dependenttabdeflection(F21).
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Figure 24.- Horizonw tail 10* for control restoration for instantaneous
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Figure26.- Amplitudefunctionof theangleof attackdueto periodicexcitation
of thetab (F2J.
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Figure27.- Amplitudefunctionof themain-control-surfaceiefleotiondueto
periodicexcitationof thetab (F21).
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Figure28.- Phase-displacementfu ctionsof
excitationofthe
theangleof attackdueto periodic
tab (Fq).
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Figure29.- Phase-displacementfunctionsof themain-control-surfacedeflection
duetoperiodicexcitationof thetab (F21).
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Figure 30.- Variation with time of Aq~, Aq, Ace and APE for periodic excitation of the tab with a
disturbance frequency n q 0.2 and a maiu-contd-surface damphg parameter (l)alv = 0.15 (Fz1). &-
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Figure31.- Idealizedmain-control-surfacevariationAq.
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32.- Comparison of the horizontal tail loads due to time-dependent tab deflection with those determined
according to the approximate method.
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